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Figure 19. Length frequency distributions for pumpkinseed caught by electrofishing in Lake Thirteen, 
1986-1996. 
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Figure 20. Length frequency distributions for pumpkinseed caught by trap netting in Lake Thirteen, 
1988-1996. 
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(SE=0.3-1.9). After 1990, catch rates were 
6.5-231.5 cyprinids per 15 min (SE=2.9-
24.7). In Sand Lake, catch rates during 1987-
1990 were 5. 2-21. 0 cyprinids per 15 min 
(SE= 1.2-13.5) and after 1990 were 8.0-63.7 
cyprinids per 15 min (SE=0-26.8). 

Bluegill and rock bass 

Bluegill and rock bass were two impor
tant fish species found in Sand Lake that were 
not found in Lake Thirteen. Catch rates for 
bluegill in Sand Lake were variable and were 
not consistent between capture gears. Bluegill 
catch rates in trap nets were 8. 9-69. 9 fish per 
net in each year and electrofishing catch rates 
were 64.2 to 151.0 fish per 15 min (Figure 
21). Years with high electro fishing catch rates 
did not necessarily correspond to years of high 
trap net catch rates. For example, mean 
electrofishing catch rate in 1991 was relatively 
high whereas trap net catches were the lowest 
recorded. No apparent trend was evident in 
catch rates for either gear. 

Bluegill in electrofishing catches in Sand 
Lake were characterized by small average size 
and low PSD throughout the study (Figure 21). 
Mean length of bluegill caught by trap netting 
was 150 mm or less each year, but the propor
tion of large ( > 150 mm) bluegill varied sub
stantially during the study. 

Bluegill growth in Sand Lake was slow 
throughout the study. Mean back-calculated 
lengths at age three were 7 4-96 mm each year. 
The linear growth model showed that the slow 
growth rate did not vary much among years, 
except during the cold summers of 1992-1993, 
when growth was particularly slow (Figure 7). 
Over the duration of the study, however, the 
relationship between average summer tempera
tures and annual growth coefficients was not 
clear (R2 =0.29; P=0.11). 

Catch rates for rock bass were quite 
variable during spring electrofishing in Sand 
Lake. Catch rates ranged from 1. 6 to 23. 3 
rock bass per 15 min with no apparent trend 
(Figure 22). Similarly, there were no apparent 
trends in mean length or PSD of rock bass 
catches even though they were variable. 
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Growth of rock bass was strongly re
lated to climatic conditions during the summer. 
Mean daily temperatures during June-August 
explained 75 % of the variability in annual 
growth coefficients derived from the linear 
growth model (P < 0. 01; Figure 7). The vari
ability in growth was also observed in back
calculated lengths of rock bass. Mean back
calculated lengths at age three were 104-128 
mm for each year's samples. 

Creel survey 

In spite of discontinued walleye stock
ing, no change was observed in percentages of 
anglers that were specifically fishing for wall
eye. Anglers indicating they were specifically 
fishing for walleye were 25 % , 17 % , 19 % , and 
28 % of the respondents to the voluntary creel 
survey in 1987, 1988, 1995, and 1996, respec
tively. Anglers fishing for northern pike were 
2 % , 7 % , 7 % , and 6 % of the respondents each 
year, and those fishing for largemouth bass 
were 27 % , 39 % , 36 % , and 33 % of respon
dents. 

There was a perceived decline in the 
quality of fishing in Lake Thirteen after wall
eye stocking was discontinued. The proportion 
of anglers indicating that fishing was worse 
than most lakes was 13 % during 1987-1988 
and increased to 30% during 1995-1996 (Chi
square= 12.28; df=l; P<0.01). The per
ceived aecline in fishing quality was evident 
even when anglers specifically fishing for 
walleye were excluded from the comparison 
(Chi-square= 7. 41 ; 
df= l; P<0.01). 

Along with an apparent decline in 
fishing quality was a decrease in recreational 
fishing effort. Fishing effort, as indexed by 
angler counts, was lower in 1995-1996 than 
during 1987-1988. Average numbers of an
glers per count for 1987, 1988, 1995, and 1996 
were 6.1 (SE= 1.0), 3.9 (SE=0.5), 2.8 
(SE=0.8), and 1.5 (SE=0.4). The number of 
cards recovered from the voluntary creel 
survey served as a second indicator that fishing 
effort was lower in 1995-1996 than 1987-1988. 
The lowest numbers of cards were recovered 
during the last two years of the study. Num-
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Figure 21. CPUE (±SE), mean length (±SE), and PSD (with 95% confidence limits) for 
bluegill caught by electrofishing and trap netting in Sand Lake. 
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bers of cards recovered in 1987, 1988, 1995, 
and 1996 were 123, 116, 58, and 36. 

Discussion 

Studies of fish community interactions 
can be difficult to interpret because of con
founding environmental influences. This· study 
proved to be no exception. Climatic condi
tions, coupled with variable year class strength, 
had relatively large effects on the fish popula
tions in Lake Thirteen and Sand Lake. Sum
mer temperatures, especially the cool summers 
of 1985, 1992, and 1993, had pronounced 
effects on growth and recruitment of important 
fish species in both lakes. Location of both 
lakes near the northern edge of native distribu
tions for centrarchids (as illustrated in Becker 
1983) may explain the sensitivity to cool sum
mer temperatures that we observed in 
centrarchid growth rates. 

The sensitivity of growth rates to water 
temperature that we found was in contrast to 
results presented in other studies. Using size
specific growth rates, Osenburg et al. (1988) 
determined that year (annual climatic) effects 
did not explain the variation in growth rates of 
bluegill and pumpkinseed sunfish found among 
nine southwestern Michigan lakes during 1978-
1985. Ross and Nelson (1992) concluded that 
annual temperature fluctuations in the Georges 
Bank region during 1963-1980 had only modest 
influences on growth of groundfishes. There 
was strong evidence for density dependence in 
growth rates in both studies, and stock size 
apparently exerted a larger effect on fish 
growth than water temperature. In Lake Thir
teen, density dependent growth was apparent 
only in walleye. Yet, the pervasive effects of 
cold summers were evident in growth rates of 
several species from Lake Thirteen and Sand 
Lake. 

The unusually strong 1988 year class of 
walleye from the last year of fry stocking 
also had important effects on this study. That 
large walleye year classes can have high preda
tory demand and reduced growth rates was 
documented in Lake Erie by Hartman and 
Margraf ( 1992). The 1988 year class in Lake 
Thirteen resulted in a large batch of slow 
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growing predators that were abundant through
out the period of discontinued stocking. Yet, 
with little natural reproduction, the walleye 
population at the end of the study consisted of 
no small ( < 467 mm) individuals. The lack of 
small walleye was a likely explanation for 
decreased use of shoal areas by walleye at the 
end of the study and for the shift in diet to 
increased use of fish and decreased use of 
invertebrates. 

No climatic reasons could be found to 
explain the apparent lack of northern pike 
recruitment after 1990. Our results illustrated 
that recruitment was not related to spring water 
levels, nor were there any changes in fish 
habitat or shoreland development around the 
lake. It was also unlikely that other climatic 
effects hampered northern pike recruitment 
since recruitment was evident in Sand Lake and 
in other area lakes. Good year classes of 
northern pike were found during 1992-1993 in 
Crooked, Welsh, and Upper and Middle 
Sucker lakes, which were all located near Lake 
Thirteen (Minnesota Department of Natural 
Resources, files for 1995 lake surveys). One 

,possible explanation for the loss of northern 
pike recruitment was predation by yellow 
perch. The lack of recruitment was coincident 
with the increase in numbers of small yellow 
perch, and yellow perch have been shown to be 
as important predators of larval northern pike 
(Hunt and Carbine 1951). Spawning habitat 
for northern pike seems to be limited to only a 
few small areas in the lake. 

As a top level predator in Lake Thir
teen, northern pike ate mostly fish, with yellow 
perch being a particularly important prey 
species. Therefore, northern pike were poten
tial competitors with both walleye and 
largemouth bass. Because of their position in 
the food chain, northern pike may be somewhat 
buffered against year-to-year environmental 
changes. Their growth rates showed little 
interannual variation in either Lake Thirteen or 
Sand Lake. The effect of lack of northern pike 
recruitment, along with cessation of walleye 
stocking, was to decrease the relative abun
dance of younger age predators in Lake Thir
teen. 



Predation and its effects on other fish in 
aquatic' systems has been described in a variety 
of studies. After introduction of northern pike 
to a small Wisconsin lake, He and Kitchell 
( 1990) found decreases in prey biomass and 
mean size for species most vulnerable to preda
tion. The decreases were a result of emigration 
as much as from direct predation. Johannes et 
al. (1989) concluded that golden shiner recruit
ment and population density were strongly 
influenced by predator density. More relevant 
to this study, yellow perch has been described 
as an important prey for walleye, northern 
pike, and largemouth bass (Seaburg and Moyle 
1964; Forney 1980; Nielsen 1980; Reed and 
Parsons 1996). Stocking of northern pike, 
which can prey on a wide range of sizes of 
fish, has caused decreases in abundance of 
yellow perch (Anderson and Schupp 1986) 
whereas removal of northern pike has resulted 
in increased abundance of yellow perch and 
white sucker (Colby et al. 1987). Declines in 
both yellow perch and pumpkinseed popula
tions in Escanaba Lake, Wisconsin, were 
attributed to increases in the numbers of wall
eye and northern pike (Kempinger et al. 1975). 
Predator-prey interactions are more complex, 
however, when the predators are size selective 
because of gape widths or other optimal forag
ing considerations. In an example, Rice et al. 
(1993) found size-dependent survival of young
of-the-year spot Leiostomus xanthurus in exper
imental enclosures. Survival rates depended on 
the sizes of a predator, southern flounder 
Paralichthys lethostigma, stocked in the enclo
sures. Such size-dependent survival was evi
dent in the yellow perch population in Lake 
Thirteen. 

Yell ow perch was a key fish species in 
Lake Thirteen. It was the predominant prey 
fish for northern pike, walleye, and largemouth 
bass and it was also the species most sensitive 
to changes in the predator populations. In
creases in relative abundance of small yellow 
perch (in electrofishing catches) coincided with 
reductions in numbers of small walleye and 
northern pike. It is likely that reduced preda
tion caused an increase in numbers of small 
yellow perch (although reduced competition 
between small walleye and yellow perch for 
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invertebrate food resources may also have 
occurred). Conversely, the decreases in rela
tive abundance of large perch (in gill net 
catches) corresponded with an increasing 
prominence of walleye from the 1988 year 
class as they grew to large sizes. There was 
also good recruitment of the 1994 year class of 
yellow perch in Sand Lake during 1995-1996. 
However, the increase in perch numbers oc
curred much later in Sand Lake than at Lake 
Thirteen. 

Partitioning of food resources among 
the fish species in Lake Thirteen was evident 
early in the study, and shifts in diet were found 
after walleye stocking was discontinued. 
Largemouth bass and walleye diets overlapped 
primarily in their use of yellow perch, 
dipterans, and ephemeropterans early in the 
study. Later in the study, largemouth bass ate 
more yellow perch. The shift in diet reflected 
some combination of the absence of small 
walleye and northern pike, and the increased 
availability of small yellow perch. Slower 
growth rates and a shift toward increased use 
of snails in the diet of pumpkinseed suggest 
increasing levels of intraspecific competition or 
increasing interspecific competition with the 
expanding numbers of small yellow perch. 
Though stomach sampling was not year-round, 
the diets reported in this study are likely to be 
representative. In a more comprehensive study 
of diets and trophic position, Vander Zanden et 
al. (1997} found diets for walleye, northern 
pike, largemouth bass, pumpkinseed, and 
yellow perch to be very similar to our results. 

Unusually high catches of largemouth 
bass and pumpkinseed during the last two years 
of sampling were a result of strong year classes 
of largemouth bass produced in 1994 and 
pumpkinseed produced in 1991. Environmen
tal conditions were undoubtedly a factor influ
encing year class strength in those years. The 
importance of temperature to growth and year 
class strength of largemouth bass has been 
documented by other authors. Kramer and 
Smith ( 1960) found that largemouth bass 
growth during the first few months was directly 
related to water temperatures. Further, 
Newburg and Schupp (1986) suggested that 
strong year classes were a result of young bass 



growing large enough during their first summer 
to survive the first winter. Miranda and 
Hubbard ( 1994a; 1994b) also discussed the 
value of larger size in relation to winter 
survival of age-0 largemouth bass. In our 
study, cool water temperatures affected both 
recruitment and growth of largemouth bass and 
pumpkinseed during the coldest summers. 

Beyond the obvious environmental 
reasons for strong .year classes, the changes 
that had occurred in the fish community may 
have set the stage for largemouth bass and 
pumpkinseed to be unusually successful in 
1994 and 1991. In addition to overlapping use 
of food resources, walleye and largemouth bass 
habitat use overlapped everywhere there was 
sufficient dissolved oxygen to support fish. 
Both largemouth bass and pumpkinseed showed 
increases in catch rates of magnitudes that 
were not observed at Sand Lake at the end of 
the study. Taking a different perspective, 
results from Lake Thirteen also show that the 
increase in numbers of small yellow perch did 
not negatively affect numbers of pumpkinseed 
or largemouth bass. The long-term decline in 
pumpkinseed growth rates began before 
electrofishing catch rates for small yellow 
perch started to rise. It is possible, however, 
that poor growth rates for pumpkinseed were 
exacerbated by larger numbers of small yellow 
perch. 

Management Implications 

This study highlighted the significance 
of year-to-year climatic variation on fish 
growth and recruitment. In particular, summer 
temperatures should be monitored whenever 
we evaluate management actions designed to 
affect centrarchid growth. Weisberg's linear 
growth model was a useful tool for tracking the 
effects of temperature on growth. 

Fry stocking was a viable technique for 
maintaining a w·alleye fishery in Lake Thirteen. 
Fry stocking provided walleye fishing opportu
nities and anglers perceived a decline in the 
"quality" of the fishery after fry stocking was 
discontinued. Furthermore, an important 
recreational fishery for largemouth bass was 
evident in spite of the earlier walleye stocking 
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regime. Anglers came from long distances 
( > 100 miles) and several states to fish for both 
largemouth bass and walleye in Lake Thirteen. 

Walleye stocking had important influ
ences on the size structure of the yellow perch 
population in Lake Thirteen. The presence of 
a large number, and just as importantly, a wide 
variety of sizes of top-level predators shaped 
the yellow perch population. Numbers of 
small yellow perch expanded rapidly in the 
absence of small walleye and northern pike. 
From an energetics viewpoint, resources in the 
fish community were stockpiled in small yellow 
perch rather than spread out to an additional 
trophic level. 

Changes to the rest of the fish commu
nity were not readily evident. In the face of 
environmental variation and differing natural 
year class strengths, the fish community effects 
of walleye stocking seemed limited. We were 
unable to document any competitive effects of 
walleye stocking on the largemouth bass popu
lation in Lake Thirteen, even though food and 
habitat use overlapped considerably. 
Schlagenhaft and Murphy (1985) also found 
overlap in summer habitat use by the two 
·~species, but suggested that it was not extensive 
enough to limit production of either species in 
a Texas reservoir. With respect to northern 
pike, we will not be able to confirm if yellow 
perch predation is restricting northern pike 
recruitment until we can re-establish a walleye 
population capable of controlling the large 
numbers of small yellow perch. In summary, 
the documented fish community effects of 
discontinued walleye stocking were limited 
primarily to shifts in food habits of various fish 
species, and to a restructuring of the yellow 
perch population in Lake Thirteen. 
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